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FRVWVSURGXFHGE\EXUUVDUHHVWLPDWHGWRPLOOLRQ(XUR LQFOXGLQJGHEXUULQJKLJKHUPDQSRZHUF\FOH WLPHVRU
PDFKLQHEUHDNGRZQVIRUH[DPSOH$XULFKHWDO$XQLYHUVDOVROXWLRQIRUWKHHGJHUHILQHPHQWGRHVQRWH[LVW
DOWKRXJKWKHUHDUHSOHQW\RIGHEXUULQJSURFHVVHV
7KHGHEXUULQJZLWKODVHUUDGLDWLRQKDVDOUHDG\EHHQLQYHVWLJDWHG/HHHWDOVKRZHGWKDWODVHUGHEXUULQJ
RIIHUVIODWWHULQJIHDWXUHVFRPSDUHGWRWKHH[LVWLQJGHEXUULQJV\VWHPV7KH+$=FDQEHUHGXFHGWRDPLQLPXPHYHQ
SUHFLVLRQFRPSRQHQWVFDQEHGHEXUUHGDQGDQDXWRPDWHGGHEXUULQJLVSRVVLEOH7KURXJKGLIIHUHQWKHDWFRQWULEXWLRQV
WKH ODVHU GHEXUULQJ SURFHVV IXQGDPHQWDOO\ FKDQJHV %XUUV FDQ EH UHPHOWHG FXWWHG VXEOLPDWHG DQG R[LGL]HGZLWK
ODVHUUDGLDWLRQ6FKPLGW6DQGWH6/'LVDODVHUGHEXUULQJSURFHVVLQZKLFKWKHHGJHVDQGEXUUVDUHUHPHOWHGWR
GHILQHGUDGL0RYHDEOHPLUURUVJUDQWIDVWSURFHVVLQJDQGRQHODVHUVRXUFHLVDEOHWRGHEXUUGLIIHUHQWPDWHULDOVZHDU
IUHH
7KLVSDSHULQYHVWLJDWHVLI,5WKHUPRJUDSK\LVDVXLWDEOHWHFKQRORJ\WRDVVXUHTXDOLW\RIODVHUGHEXUUHGHGJHV7KH
PDLQFKDUDFWHULVWLFRI6/'UHPHOWHGLVWKHUDGLXVRIWKHURXQGHGJH'LIIHUHQWVHWWLQJVRIIDFWRUVVXFKDVIRUH[DPSOH
WKH ODVHUSRZHURU WKHQXPEHURI H[SRVXUHVDIIHFW WKLV UDGLXV2QHDLPRI WKHTXDOLW\DVVXUDQFH LV WRJXDUDQWHHD
FRQVWDQWUDGLXVDWHYHU\HGJH'XULQJWKH6/'GHYHORSPHQWWKHSRVLWLRQLQJRIWKHODVHUVSRWWRZDUGVWKHHGJHKDGDQ
REYLRXV HIIHFW RQ WKH GHEXUULQJ UHVXOW %DVHG RQ WKLV ILQGLQJ WKLV SDSHU WULHV WR ILQG D OLQN EHWZHHQ WKH HGJH
WHPSHUDWXUH DQG WKH SRVLWLRQ RI WKH ODVHU VSRW $ TXDOLW\ DVVXUDQFH VKRXOG DOVR GHWHFW IODZV 0HFKDQLFDO DQG
FKHPLFDOIODZVDUHREVHUYHGLQWKLVSDSHU
6WDWHRIWKHDUW
7KHHGJHJHRPHWU\LVHYDOXDWHGWRUHYLHZWKHTXDOLW\RIWKHGHEXUUHGHGJHV7KHUHDUHPDQ\HGJHPHDVXUHPHQW
V\VWHPV DYDLODEOH WR GHWHFW UHPDLQLQJ EXUUV %HLHU  7KHVH PHDVXULQJ PHWKRGV GLIIHU LQ WKHLU PHDVXULQJ
GLPHQVLRQV WKHFRQWDFW WR WKHVDPSOH WKHSRVVLELOLW\ WRPHDVXUHLQSURFHVVDQGWKHGHVWUXFWLYHRUQRQGHVWUXFWLYH
PHDVXUHPHQW$XULFKHWDO8VXDOO\DVLQJOHDQGHVVHQWLDOPHDVXUHRIWKHHGJHLVGHWHUPLQHGWRFODVVLI\WKH
GHEXUULQJTXDOLW\DQGVLPXOWDQHRXVO\FXWPHDVXULQJFRVWV7KLORZ2FFXUULQJHGJHVLQ6/'VWDQGRXWGXHWR
GLIIHUHQWDFKLHYHGUDGLL)RUWKLVUHDVRQWKHURXQGLQJULVFRQVLGHUHGDVDPHDVXUHWRTXDOLI\WKHGHEXUULQJUHVXOWV
$VVKRZQE\6FKPLGW6DQGWH6FKPLGW6DQGWHWKHDFKLHYHGVXUIDFHWHPSHUDWXUHGXULQJ6/'KDVDOLQNWR
WKHLPSRUWDQWDQGDGMXVWDEOHIDFWRUVLQYROYHGOLNHLQHTXDWLRQ7KLVLQFOXGHVIDFWRUVOLNHWKHODVHUSRZHUWKHIRFXV
GLDPHWHUWKHVSHHGDQGWKHQXPEHURIH[SRVXUHV7KLVOHDGVWRWKHDVVXPSWLRQWKDWWKHHGJHTXDOLW\GHVFULEHGE\WKH
DFKLHYHGUDGLLKDVDGLUHFWOLQNWRWKHHGJHWHPSHUDWXUH
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,5WKHUPRJUDSK\ KDV VRPH DGYDQWDJHV LQ FRPSDULVRQ WR RWKHU PHDVXUHPHQW WHFKQRORJLHV 7KH PHDVXUHPHQW
SURYLGHVWKHUPDOLPDJHVLQUHDOWLPHZLWKRXWFRQWDFWWRWKHPHDVXUHGVXUIDFHDQGZLWKRXWGHVWUXFWLRQRIWKHVXUIDFH
%HUQKDUG  %DJDYDWKLDSSDQ HW DO  ,5WKHUPRJUDSK\ KDV DOUHDG\ EHHQ H[DPLQHG IRU PDQ\ RWKHU
DSSOLFDWLRQV DQG WKHLU WHPSHUDWXUH ILHOG $ ODUJH QXPEHU RI DSSOLFDWLRQV KDV EHHQ GLVFXVVHG LQ OLWHUDWXUH
8VDPHQWLDJD HW DO  %DJDYDWKLDSSDQ HW DO  7KHUPRJUDSK\ KDV DOUHDG\ EHHQ XVHG WR ILQG DQG ORFDWH
FUDFNVDQGIODZVLQVWHHODQGVWDLQOHVVVWHHOFRPSRQHQWV%DULOHHWDO6FKDXVEHUJHUHWDO3DUWLFXODU\
ODVHUSURFHVVHVFDQEHH[DPLQHGZLWKLUWKHUPRJUDSK\3XUWRQHQHWDO,WKDVDOUHDG\EHHQGHPRQVWUDWHGWKDW
LUWKHUPRJUDSK\LVDSRZHUIXOWRROWRPRQLWRUWKHTXDOLW\RIODVHUZHOGHGSRO\PHUV6SHNDHWDO.UDXVVHWDO
VKRZHG WKDW LUWKHUPRJUDSK\ LV D VXLWDEOH WRRO WR FRQWURO D VHOHFWLYH ODVHUPHOWLQJ SURFHVV .UDXVV HW DO 
)XUWKHUPRUH WKH ZHOGLQJ RI PHWDOOLF PDWHULDOV DQG LWV RQOLQH PRQLWRULQJ IRU TXDOLW\ LVVXHV LV SRVVLEOH
%DJDYDWKLDSSDQHWDO6SHOOHQEHUJHWDO,QWKHIROORZLQJLUWKHUPRJUDSK\LVWHVWHGIRUDTXDOLW\DVVXUDQFH
LQ6/'SURFHVVHV
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3.1. Material and edge condition 
7KH H[SHULPHQWV DUH FDUULHG RXW ZLWK VDPSOHV RXW RI WKH VWDLQOHVV VWHHO  $SDUW IURP WKH ODVHU FXWWLQJ
SURFHVVWKHVDPSOHVGRQRWXQGHUJRDQRWKHUWUHDWPHQW,QDOOH[SHULPHQWVWKHXSSHUHGJHRIWKHVKHHWPHWDOSDUWVLV
XVHG
3.2. Burr geometry after laser cutting and deburring result 
/DVHUFXWVWDLQOHVVVWHHOVKHHWVZLWKD WKLFNQHVVXSWRPPVKRZKLJKFXWWLQJTXDOLW\*HQHUDOO\ WKHEXUUVDUH
ORFDWHGQRQSHULRGLFDOO\DQGUDQGRPO\DORQJ WKHFXWJHRPHWU\7\SLFDOHGJHFURVVVHFWLRQVDIWHU ODVHUFXWWLQJDQG
ODVHUGHEXUULQJDUHLOOXVWUDWHGLQ)LJ

)LJ2SWLPDOHGJHFRQGLWLRQDIWHU6/'
7KHHGJHFRQGLWLRQDIWHUWKH6/'SURFHVVLVGHSHQGHQWRQPDQ\LQIOXHQFHIDFWRUVLQWKHPDQXIDFWXULQJSURFHVV
7KHPHDQFXUYDWXUHUDGLLIRUWKHGHEXUUHGHGJHVDUHLOOXVWUDWHGLQ)LJ
)LJ0HDQFXUYDWXUHUDGLLIRUGLIIHUHQWPDWHULDOVDQGVKHHWWKLFNQHVVHVDIWHU6/'

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3.3. Experimental setup 
7KHLQYHVWLJDWLRQVDUHH[HFXWHGZLWKD7UXPSI7UX'LVNPXOWLPRGHFRQWLQXRXVZDYHGLVNODVHUZLWKDODVHU
SRZHURIN:DWDZDYHOHQJWKRIP7KHVFDQQLQJRSWLF7UXPSI3)2'LVXVHGWRHQDEOHDODVHUUHPRWH
SURFHVV XQGHU VXUURXQGLQJ DWPRVSKHUH DQG DQ DQJOH RI  GHJUHH EHWZHHQ WKH WRS RI WKH VDPSOH DQG WKH
ODVHUEHDP)LJ
7KHLQIUDUHGFDPHUDLVDQ,5&DP(TXXVN00&77KLVFDPHUDV\VWHPZRUNVDWDVSHFWUDOUDQJHRIP
DQGZLWKDUHVROXWLRQRIURZVDQGFROXPQV,QWKHJLYHQVHWXSWKHFDPHUDGHSLFWVDVXUIDFHRIPP[
PP 7KH LQIUDUHG FDPHUD LV LQVWDOOHG ZLWK DQ DQJOH RI  GHJUHHV WRZDUGV WKH VXUIDFH RI WKH VDPSOHV7R
LQFUHDVH WKH UHVROXWLRQ D VSDFHU LV LQVWDOOHG EHWZHHQ WKH REMHFWLYH DQG WKH FDPHUD0RYLQJ WKH REMHFWLYH PP
DZD\IURPWKHFDPHUDHQDEOHVDORZHUZRUNLQJGLVWDQFH



$FDOLEUDWLRQLVQHHGHGWRFRQFOXGHIURPWKHPHDVXUHGLQWHQVLW\WRWKHFRUUHVSRQGLQJWHPSHUDWXUH7RH[FOXGHDV
PDQ\ VRXUFHV RI HUURUV DV SRVVLEOH WKH FDOLEUDWLRQ LV H[HFXWHG LQ WKH VDPH VHWXS DV WKH LQYHVWLJDWLRQV'XULQJ D
FRQVWDQW ZDUPLQJ RI D FDOLEUDWLRQ VDPSOH WKH VXUIDFH WHPSHUDWXUH LV UHFRUGHG ZLWK D WKHUPRFRXSOH W\SH . $
PD[LPDOVXUIDFHWHPSHUDWXUHRIGHJUHH&HOVLXVLVPHDVXUHG
3.4. Method 
)LJXUH  D VKRZV WKHPHDVXUHG LQIUDUHG UDGLDWLRQ LQ WKH FDPHUD XQLW\ µFRXQWV¶ GXULQJ WKH 6/' SURFHVV 7R
PDWFK WKHGLIIHUHQW UHFRUGLQJV V GHVFULEHV WKHSRLQW LQ WLPHZKHQ WKH ODVHU VSRW LVQHDUHVW WR WKHPLGGOHRI WKH
SLFWXUHDWURZ$OOIROORZLQJDQDO\VLVWLPHVDUHUHIHUUHGWRWKLVSRLQWLQWLPH
)LJD([SHULPHQWDOVHWXSEVSHFLPHQFODPLQJVHWXS
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



7KHUHODWLRQVKLSEHWZHHQWKHPHDVXUHGFRXQWV&DQGWKHFRUUHVSRQGLQJVXUIDFHWHPSHUDWXUH7LQGHJUHH&HOVLXV
LVGHVFULEHGE\DPRGLILHG6WHIDQ%ROW]PDQQHTXDWLRQ

bKTaTC x  

7KH WZRILWWLQJSDUDPHWHUVDDQGEDUHQHHGHG WR ILW WKHFDOLEUDWLRQFXUYH WR WKHPHDVXUHGVXUIDFH WHPSHUDWXUH
GXULQJWKHFDOLEUDWLRQSURFHVV7KHSDUDPHWHUVFRXOGEHIRXQGWRD HE DQGWKHFDOLEUDWLRQFXUYHLV
VKRZQLQ)LJE

%HVLGHV D FDOFXODWLRQ RI WKHPD[LPXPPHDVXUHG WHPSHUDWXUH DQG D FDOFXODWLRQ RI DQ DULWKPHWLFPHDQ RYHU D
GHILQHGILHOGQH[WWRWKHHGJHWKHUHLVDQRWKHUDSSURDFKXVHGWRHYDOXDWHWKHPHDVXUHGWHPSHUDWXUHV'HSHQGLQJRQ
WKHLQYHVWLJDWHGHIIHFWGLIIHUHQWSDUWVRI WKHHGJHDUHH[DPLQHG7KHDULWKPHWLFPHDQLVFDOFXODWHGRYHUDYDU\LQJ
LQWHUYDORIURZVIRUHYHU\FROXPQ7KHUHVXOWLVDWHPSHUDWXUHVLJQDWXUHSDUDOOHOWRWKHH[SRVXUH
¦
 
x 
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i
mnxMmyxM
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 
0LVWKHPDWUL[RIWKHPHDVXUHGFRXQWVDWDFHUWDLQWLPHH[WUDFWHGIURPWKHWKHUPDOLPDJHVQHTXDWHVWKHILUVW
URZDQGPHTXDWHV WKHQXPEHURI WKH LQFOXGLQJURZVRI WKH LQWHUYDO )RUHYHU\FROXPQ[ WKHDULWKPHWLFPHDQ LV
FDOFXODWHGRYHU WKH GHILQHG URZ\ LQWHUYDO ,Q WKH QH[W VWHS WKH DULWKPHWLFPHDQ RYHU WKH H[HFXWHG UHSHWLWLRQV LV
FDOFXODWHGVRWKDWILQDOO\WKHWHPSHUDWXUHVLJQDWXUHSDUDOOHOWRWKHHGJHDQGDPRQJWKHGHILQHGURZLQWHUYDOLQFOXGHV
DWOHDVWIRXUUHSHWLWLRQV,QFDVHRIWKHPHFKDQLFDOIODZHYDOXDWLRQWKHFDOFXODWHGWHPSHUDWXUHVLJQDWXUHLVHGLWHGE\D
QRQSDUDPHWLF VPRRWKLQJ UHJUHVVLRQ ZLWK D TXDGUDWLF SRO\QRPLDO (DFK VPRRWKHG YDOXH LV GHWHUPLQHG E\
QHLJKERULQJGDWDSRLQWVGHILQHGZLWKLQWKHVSDQRIRIWKHJLYHQGDWDSRLQWV
)LJD0HDVXUHG,5UDGLDWLRQE&DOLEUDWLRQFXUYHVFDPHUDFRXQWVYVWKHUPRFRXSOHPHDVXUHPHQW
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5HVXOWVDQGGLVFXVVLRQ
4.1. Correlation between achieved radii and edge temperatures 
)LJXUHVKRZVWKHPHDVXUHGUDGLLDFURVVWKHPHDVXUHGWHPSHUDWXUHVLQDWHVWVHULHVZLWKGLIIHUHQWVHWWLQJVRI
SDUDPHWHUV7KHWHPSHUDWXUHVDUHGHWHUPLQHGGXULQJWKHODVHUH[SRVXUHDWDWLPHRIW VDQGVODWHU%RWKWKH
HYDOXDWLRQRIWKHPD[LPXPPHDVXUHGWHPSHUDWXUHDQGWKHHYDOXDWLRQRIWKHWHPSHUDWXUHQH[WWRWKHHGJHVKRZWKDW
WKHUHLVDGLUHFWOLQNEHWZHHQDFKLHYHGUDGLLDQGWKHWHPSHUDWXUH)LJ
7DEOH3URFHVVSDUDPHWHUVIRUH[SHULPHQWV
/DVHUSRZHU>:DWW@ )RFXVGLDPHWHU>PP@  6SHHG>PPV@ 1XPEHURIH[SRVXUHV>@
 ±   

4.2. Link between spot position and edge temperature 
$WHVWVHULHVZLWKILYHSRVLWLRQVZDVH[HFXWHG WR LQYHVWLJDWH WKH LQIOXHQFHRI WKH ODVHUVSRWSRVLWLRQ3RVLWLRQ
VWDUWVZLWKDGLVWDQFHRIPPEHWZHHQODVHUVSRWPLGSRLQWDQGWKHHGJH:LWKHYHU\IROORZLQJSRVLWLRQWKHODVHU
VSRWLVPRYHGE\PPWRZDUGVWKHHGJHVRWKDWLQSRVLWLRQWKHODVHUVSRWLVFHQWUHGDWWKHHGJH7KHGHEXUULQJ
SDUDPHWHUVDUHOLVWHGLQWDEOH(YHU\SRVLWLRQLVFDUULHGRXWIRXUWLPHV7KHWKHUPDOSLFWXUHVDUHEHLQJHYDOXDWHGDW
W VDQGW V7KHHYDOXDWHGVXUIDFHKDVDUDQJHRISL[HOVZKLFKPDWFKHVWRPPDQGLVORFDWHGDWQ 
DWWKHHQGRIWKHUHPHOWHGVXUIDFH
7DEOH3URFHVVSDUDPHWHUVIRUVSRWSRVLWLRQH[SHULPHQWV
/DVHUSRZHU>:DWW@ )RFXVGLDPHWHU>PP@  6SHHG>PPV@ 1XPEHURIH[SRVXUHV>@
    

)LJXUHVKRZVWKHFDOFXODWHGWHPSHUDWXUHVLJQDWXUHVIRUWKHGLIIHUHQWSRVLWLRQV7KHSRVLWLRQFOHDUO\KDVDHIIHFW
RQWKHPHDVXUHGWHPSHUDWXUH(YHQGXULQJWKHH[SRVXUHDWW VWKHWHPSHUDWXUHLVGHSHQGHQWRQWKHSRVLWLRQLQJ


)LJD0D[LPXPWHPSHUDWXUHRQWKHVSHFLPHQE0HDQWHPSHUDWXUHQH[WWRWKHHGJH
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
)LJ9DULDWLRQRIWKHODVHUVSRWSRVLWLRQRQWKHVSHFLPHQDWHPSHUDWXUHVPHDVXUHGDWW VEWHPSHUDWXUHVPHDVXUHGDWW V
4.3. Flaws and their effects on the edge temperature 
7RLQYHVWLJDWHWKHLQIOXHQFHRIIODZVGLIIHUHQWIODZVDUHVLPXODWHGLQFOXGLQJPHFKDQLFDODQGFKHPLFDOIODZV7KH
PHFKDQLFDOIODZVKDYHEHHQLQYHVWLJDWHGWKURXJKQRWFKHVDQGPLFURMRLQWVE\PHDQVRIWKHGLPHQVLRQVGLVSOD\HGLQ
WDEOH  ,Q FRPSDULVRQ D IODZOHVV VSHFLPHQ LV DQDO\]HG 7KH FKHPLFDO IODZV DUH VXSSRVHG WR VLPXODWH GLIIHUHQW
LPSXULWLHVRFFXULQJ LQSURGXFWLRQ)RUH[DPSOH UHPDLQVRI IRLO FDQEH IRXQGDW WKHHGJHVRI IRLOHGVKHHWPHWDOV
7KH\DUHVLPXODWHGWKURXJKVWULSVRIDGKHVLYHWDSH$SDUWIURPSDLQWVDOVRJUHDVHDQGRLOFDQEHIRXQGDWWKHVXUIDFH
RIWKHVKHHWPHWDOSDUWV7KH\DUHUHSUHVHQWHGE\:'LQWKHH[SHULPHQWV














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7DEOH,QIOXHQFHVRIPHFKDQLFDOIODZVRQWKHTXDOLW\DVVXUDQFHDSSURDFK
7KHWHPSHUDWXUHFXUYHVRIWKHGHIHFWH[SHULPHQWVDUHFRPSDUHGWRDQRSWLPDOIODZOHVVWHPSHUDWXUHFXUYH7KH
GHYLDWLRQRIH[SHULPHQWDOWHPSHUDWXUHVWRWKHIODZOHVVWHPSHUDWXUHFXUYHLQGLFDWHWKHH[LVWHQFHRIQRWFKHVDQG
PLFURMRLQWV)LJ
)LJ7HPSHUDWXUHFXUYHPHDVXUHGLQ,5WKHUPRJUDSK\IRUQRWFK
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7DEOH,QIOXHQFHVRIFKHPLFDOIODZVRQWKHTXDOLW\DVVXUDQFHDSSURDFK

7KHH[WHQVLYHWHPSHUDWXUHILHOG7DEFDXVHGE\WKHFRPEXVWLRQSURFHVVHVIRUWKHFKHPLFDOIODZVGHPRQVWUDWH
WKHSRVVLELOLW\WRDOVRUHSURGXFLEOHGHWHFWWKHVHIODZVE\,5WKHUPRJUDSK\
&RQFOXVLRQ
,W KDVEHHQ VKRZQ WKDW WKH WHPSHUDWXUHRI WKH HGJHKDV DGHSHQGHQF\ WR FXUYDWXUHERWK LQ WKH ODVHUGHEXUULQJ
SURFHVVDQGZKHQFRROLQJ7KXVLWLVSRVVLEOHWRHVWLPDWHWKHFXUYDWXUHWKURXJKWKHWKHUPRJUDSK\
)XUWKHUPRUH WKH SRVLWLRQLQJ FDQ EH FRQWUROOHG WKURXJK WKH WHPSHUDWXUH DW WKH HGJH )RU WKLV SXUSRVH WKH
WHPSHUDWXUHILHOGQH[WWRWKHPHOWHGHGJHQHHGVWREHFRQVLGHUHG
)LQDOO\LWKDVEHHQSURYHQWKDWGLIIHUHQWIODZVKDYHDQLQIOXHQFHRQWKHWHPSHUDWXUHILHOGRIWKHGHEXUUHGHGJH
7KH FKHPLFDO IODZV DUH FKDUDFWHUL]HG E\ WKH EXUQLQJ RI GLIIHUHQW PDWHULDOV 7KLV EXUQLQJ VWDQGV RXW LQ ,5
PHDVXUHPHQWVGXH WRH[WUHPHYDULDWLRQV LQ WHPSHUDWXUHDQG WHPSHUDWXUHV WKDWDUHPDQ\ WLPHVKLJKHU0HFKDQLFDO
IODZVFDQEHVSHFLILFDOO\GHWHFWHGWKURXJKLQWHUUXSWLRQVRIWKHUHJXODUWHPSHUDWXUHILHOGDWWKHHGJH
7KHVKRZQUHODWLRQVKLSEHWZHHQ WKH WHPSHUDWXUHDQG WKH UDGLL LQ ODVHUGHEXUULQJSURFHVVHVVHW WKHEDVH IRU WKH
GHYHORSPHQWRI DQTXDOLW\ DVVXUDQFH ,WKDVEHHQSRLQWHGRXW WKDW ,5WKHUPRJUDSK\ LV FDSDEOHGHWHFWLQJGLIIHUHQW
IODZVRFFXUULQJLQWKHVKHHWPHWDOPDQXIDFWXULQJHQYLURQPHQW


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